In a previous paper concerned with a kinetic analysis of endogenous respiration of bakers' yeast (Stier and Stannard, 1935-36) it was shown that the rate of respiration was a function of the time in the "non-nutrient" medium, the age of the cells, and their previous history. The rates of both O, consumption and CO, production were equal under almost all conditions. Evidence was summarized to show that the dissimilated substrate is a carbohydrate, probably glycogen. The statement was made that the term endogenous respiration is preferable to "autofermentation" in referring to the metabolic utilization of stored glycogen in intact bakers' yeast cells. This change in terminology was based mainly upon the results of investigations reported in the present paper.
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I
In a previous paper concerned with a kinetic analysis of endogenous respiration of bakers' yeast (Stier and Stannard, 1935-36) it was shown that the rate of respiration was a function of the time in the "non-nutrient" medium, the age of the cells, and their previous history. The rates of both O, consumption and CO, production were equal under almost all conditions. Evidence was summarized to show that the dissimilated substrate is a carbohydrate, probably glycogen. The statement was made that the term endogenous respiration is preferable to "autofermentation" in referring to the metabolic utilization of stored glycogen in intact bakers' yeast cells. This change in terminology was based mainly upon the results of investigations reported in the present paper.
It is usually assumed that the decomposition of stored glycogen proceeds within the yeast cell by the same mechanisms as the respiration and fermentation of simple carbohydrates placed in the external medium.l We will show in this account that dissimilation of the available carbohydrate reserves proceeds by way of a "unit" chain of reactions resulting in a complete oxidation of the carbohydrate to CO, and I-I,O. Since "pure" respiration only is involved we may speak of "the respiratory character of endogenous metabolism" or may refer directly to the process as "endogenous respiration." We will also show that the endogenous chain of reactions behaves as a distinct functional unit only when the structural integrity of the cell is maintained. Its unitary character is thus the property of a "chambered architecture" of the yeast cell (cf. Hofmeister, 1901) .
1 By fermentation we mean anaerobic CO, production and the accumulation of alcohol in the medium.
DISSIMILATION OF CARBOIIYDRATE RESERVES IN YEAST

II
The Effect of Specific Inhibitors
The Effect of KCN.--On the basis of evidence from the literature of this subject it is highly probable that the 02 consumed during the endogenous breakdown of glycogen is transported by means of the intracellular hematin compounds of yeast whose activity is thought to be specifically inhibited by the presence of cyanide (also by CO, H,S, NO). For summaries dealing with cyanide inhibition of the respiration of bakers' yeast suspended in sugar-free media cf. Warburg (1927) and Keilin (1929) . Keilin (1929) has shown that the "activated" substrate molecules obtained from the internal stores of yeast reduce the cytochrome system. Recently Erwin Haas (Warburg, 1934) has obtained data supporting the view that the pheohemincytochrome system is the chief oxygen-transporting system of the bakers' yeast cell.
We have reinvestigated the effect of KCN on endogenous respiration especially examining its effect on the endogenous production of CO~.
The yeast was suspended in •/15 KH~PO, solution at pH 4.5 and adjusted to standard density by means of the photoelectric densitometer (cf. Stier, Arnold, and Stannard, 1933-34) . 2 ml. of this suspension (approximately 10 rag. dry wt.) were added to each of several Warburg respirometer vessels arranged in pairs. One pair of vessels was used for each poison concentration. Mter thermal adaptation a 30 to 60 minute period was allowed during which the rates of respiration of all the sets of vessels were determined simultaneously. The latitude of "experimental variation" could be thus ascertained for the given set of conditions. KCN was then added through the side-arm of the vessel by means of a 1 ml. hypodermic syringe graduated in hundredths of a milliliter. The volume of KCN added was 0.5 ml., making the total volume of fluid in the vessel 2.5 ml. The concentration added was therefore five times that desired in the experiment.
Mter 90 to 100 minutes, a measured amount of dextrose crystals was added (calculated to be ca. five times the quantity required to saturate the enzyme surfaces, of. Harden, 1932; Geiger-Huber, 1934) , and the measurements were continued another 90 to 120 minutes. Usually, at the lower concentrations of poison, due to the large number of yeast cells used for the measurement of endogenous respiration, the rate after sugar had been added was too high for accurate measurement of the respiratory rate. For the determination of these rates parallel vessels containing a lower concentration of yeast suspended in 2 per cent dextrose-buffer solution were employed. Values of Qo and Qco, were calculated by using factors for dry weight obtained from the photoelectric densitometer calibrations. A comparison was then made between the effect of the KCN on endogenous respiration and on the respiration in the presence of dextrose (the latter called by us exogenous respiration). The strains of yeast used and general matters of technique are described in a preceding paper (Stier and Stannard, 1935-36) .
In Table I typical results obtained for the inhibition of endogenous respiration by KCN in different concentrations are shown. Relatively young cells (from a 43 hour culture) of Strain 4360 were used; the KCN was added during the constant rate portion of the dissimilation curve (cf. Stier and Stannard, 1935-36, Fig. 6 ). Experiment at 25°C.
The Qco2 for endogenous respiration was exactly comparable at all cyanide concentrations to the Qo2. This is quite different from the results seen when dextrose is present in the medium. Warburg (1925) has shown that while 10 -3 molar cyanide completely inhibits the oxygen consumption of bakers' yeast in the presence of dextrose, CO2 production continues relatively unchanged in rate until much higher concentrations are employed. In our experiments, the CO2 production in the presence of dextrose was unaffected even by 2 X 10 -3 molar cyanide; a concentration of 10 -2 molar causes partial inhibition of exogenous CO2 production (cf. Warburg, 1925) . This difference in behavior of endogenous as compared with exogenous metabolism is an important indication of the unitary character of the former system.
It will be noted in Table I that, in agreement with Warburg (1927) , the per cent inhibition of endogenous respiration is lower at equivalent cyanide concentrations than the per cent inhibition of the O3 consumption in a sugar-containing medium. Warburg's suggestion that this is due to "unsaturation" of the enzyme surfaces with substrate in the former case is supported by data presented below. Obviously as the dissimilation curve progresses and the concentration of internal Stier and Stannard, 1935-36, Fig. 6 . The endogenous CO2 production followed exactly the 02 consumption under all experimental conditions imposed during both the constant rate and declining rate portions of the dissimilation curve. This is significant with regard to the unitary behavior of the endogenous chain of reactions (cf. Section V). substrate diminishes, the per cent inhibition should decrease with time, since the degree of unsaturation is increasing. That this occurs is shown in Table II .
An affinity constant, k, can be calculated, representing the ratio of the respective affinities of the poison and oxygen for the KCN-labile enzyme surfaces (Warburg, 1927) . In cases where these enzyme surfaces are evidently not completely saturated with substrate a cor-rection for the unsaturation should be applied (cf. Warburg, 1927, for CO inhibition; and RunnstrSm, 1928 and , for the inhibition of respiration of sea urchin eggs by KCN), since considerable enzyme might enter into combination with the cyanide before any effect on the rate can be measured. For these cases a "saturation factor," e, is introduced and the affinity constant, k', obtained. We have made these calculations for endogenous respiration; the value of k' was ca. 104 for both the endogenous and the exogenous respiration; this value is usually associated with oxygen-transporting systems containing the intracellular hematin compounds (cf. RunnstrSm, 1928) . Lower values of k' were obtained in the case of yeast cultured for more than 2 days at 25°C. in Williams' medium. The data pertaining to these older cultures will be presented in another place.
In this connection Emerson (1926-27) reports that the respiration of Chlorella in a glucose-free medium is not inhibited by 10 -4 • HCN, while the respiration in the presence of glucose is ca. 60 per cent inhibited by the same concentration of the poison. A superficial similarity to the case in yeast is obvious. There are not sufficient data available to determine whether a separate 02 transporting system exists for the two types of respiration or whether the saturation factor operative in the case of yeast plays a part here as well.
The existing data, therefore, leave little doubt that the same oxygentransporting system is involved in both endogenous and exogenous respiration. Furthermore, they indicate that the endogenous chain of reactions does not produce COs by any other method than that afforded by a respiratory type of system. Unlike exogenous metabolism, it cannot produce COs in the presence of cyanide of sufficient concentration to inhibit its oxygen consumption. The implication is that "fermentation" is not involved in the dissimilation of carbohydrate reserves in living yeast cells.
The Effect of Monoiodoacetic Acid and Rdated Compounds
The specific effect of low concentrations of monoiodoacetate and other substances of this type on alcoholic fermentation was demonstrated by Lundsgaard (1930) . In concentrations of 10 -4 molar monoiodoacetate completely inhibits fermentation in dried yeast, leaving respiration unhampered. The R.Q. approaches 1, and we have then "pure respiration." However, secondary effects soon lower the g. Q. still further. With higher concentrations of the poison the oxygen consumption (of living yeast) is also affected (NiUson, Zeile, and yon Euler, 1931) .
The effect of monoiodoacetic acid on endogenous respiration was studied by the same technique as that discussed above for KCN. The initial and final pH of the medium was 4.5. The effects on exogenous metabolism were also studied in order to compare the action of these substances on both systems and if possible discover the interrelationships existing between the endogenous and exogenous systems.
In Fig. 1 it is seen that endogenous 02 consumption and CO~ pro-duction are both affected, the R. q. remaining 1 throughout the entire experiment. The effect is thus the same as that obtained with KCN. Note also that there is a "lag" in the action of the lower concentration of the poison. Thus, with a concentration of 2 X 10 -4 molar 40 minutes elapsed before any appreciable decline in respiration occurred. The inhibition of both Os uptake and COs production was only 60 per cent at the end of that time. A 2 X 10 -3 molar solution inhibited the endogenous respiration immediately and almost completely. These findings are in sharp contrast to those obtained when substances containing the iodoacetyl group are added to yeast in the presence of dextrose. It has already been shown that the fermentation process (i.e., alcohol production and anaerobic COs production) is quickly inhibited at concentrations as low as 10 -4 molar (of. Lundsgaard, 1930; Nillson, Zeile, and yon Euler, 1931) . We have repeated these experiments on our strains of yeast and have found that a concentration of 2 X 10 -4 molar was sufficient in general to induce immediately a 98 per cent inhibition in the over-aU rate of COs production. The O3 consumption remained unaffected for 45 minutes after the rate of CO3 production had become negligible. At the end of this period, however, the rate of Os consumption suddenly fell off to 10 per cent of its original value. The per cent inhibitiors were then 98 and 90 for COs and Os respectively. These results are illustrated in Fig. 2 .
The nature of the lag period is uncertain. It is apparent that it decreases as the concentration of monoiodoacetic acid increases and so might be a "penetration phenomenon." Goddard (personal communication) has prepared monoiodoacetamide as a neutral molecule bearing the iodoacetyl group but more "lipoid soluble" and hence more rapidly penetrating than either monoiodoacetic acid or -acetate. Furthermore, Goddard (1935-36) has given evidence that this compound penetrated the ascospores of Neurospora tetrasperma more rapidly than the iodoacetate. Kohn (1935-36) compared the action of monoiodoacetic acid, -acetate, and monoiodoacetamide on photosynthesis in Chlorella pyrenoidosa and found that the amide penetrated most readily. Dr. Goddard kindly gave us a sample of the amide; preliminary investigations indicate that the lag in the effect of the iodoacetyl group on the endogenous respiration of yeast is greatly reduced by the use of this compound.
However, even after the "penetration period" has apparently been completed the rate of endogenous production of COs is not inhibited to the same extent as the exogenous COs production. This is illustrated in Table III Fro. 2. The effect of 2 X 10 4 molar monoiodoacetic acid on the oxygen consumption and COs production of yeast suspended in dextrose-buffer solution. The poison was added at the point marked with arrows. Note the higher slope of the carbon dioxide curve indicating a higher rate of COs production than of oxygen consumption, and thus an R.Q. greater than 1. The inhibition sets in much more rapidly in the case of CO2 production. The time for this lag in the effect on O3 consumption is identical with the time for penetration to the endogenous system (of. Fig. 1 ). The rates of the controls (not shown) remained constant (Strain 4360; 25°C.). alent poison concentrations in Figs. 1 and 2 .) This effect, as well as the lag period, may be a reflection of the relative inaccessibility of the endogenous chain of reactions; or, the saturation factor discussed in connection with the inhibition by KCN may be operative as an additional complication. The action of the iodoacetyl group is not specific enough to warrant calculations such as those discussed above for the action of KCN (of. Michaelis and Schubert, 1934; Runnstr6m and Michaelis, 1934-35) .
We believe that the data just presented support the view that endogenous respiration of bakers' yeast is a pure respiration. Apparently the alcohol-producing portion of the zymase complex does not function in the absence of sugar (dextrose) in the external medium. 
LII
Anaerobic COa Production
As a further test of the purely respiratory character of the endogenous chain of reactions the anaerobic COs production was measured in Warburg respirometers.
The ordinary commercial nitrogen was passed through a reduction valve into Fieser's solution (Fieser, 1924) to remove the last traces of oxygen, since even very low partial pressures of oxygen interfere with the determination of anaerobic CO~ production. The small amount of HgS formed was removed from the gas stream by connecting an absorption tower of saturated lead acetate solution (Tang, 1932-33) in the chain. The gas was then saturated with water vapor and passed through the Warburg vessel and its manometer for 7 to 8 minutes with vigorous shaking. This has been shown to be sufficient time for complete equilibration (Krebs, 1928) . Then, with a positive pressure remaining in the apparatus, the stop-cocks were dosed, stoppers inserted, and the manometer sets transferred to the thermostat for thermal adaptation. Controls were run for oxygen consumption and aerobic CO2 production. As a preliminary test of the method the Qo,, Qco, in air, and Qco, in nitrogen were determined in a 2 per cent dextrosephosphate solution and the values checked with those appearing in the literature for fermentation by bakers' yeast. The CO~ production under anaerobic conditions was found to be practically negligible. If the last traces of hexose were incompletely washed away from the ceils, CO2 would be produced anaerobically in ~/15 KH~PO4 solution for about 1 hour and then would suddenly cease. The rate of CO2 production was, however, about 0.5 that of the aerobic rate. In data given by Geiger-Huber (1934) one sees a similar reduction; the rate of anaerobic CO2 production was about 0.1 of the rate of aerobic COs production for yeast suspended in ~/15 KH~PO4. We attribute this small initial production of CO2 to the utilization of the last traces of hexose or of some intermediate substrate (prepared by the exogenous system while the yeast was still in the sugar-containing medium) which the fermentation mechanism is able to utilize. The data presented in Table IV (Experiment November 27) are from the most complete experiment performed. In Experiment December 15 (Table IV) no residual hexose was involved since the culture was 12 days old. Reference to Table VI should also be made.
Other instances showing a lack of anaerobic COs production of cells under starvation conditions can be found in the literature. Meyerhof (1912a and b) showed that if respiring blood cells and aerobic bacteria are deprived of 02 there is no measurable COs production and no perceptible heat production. Lyon noted that Elodea canadensis did not produce CO2 under anaerobic conditions. Unpublished observations of P. S. Tang (of. French, 1934) ~indicate that the green alga, Chlorella pyrenoidosa, will not decompose its photosynthetically stored carbohydrates in the absence of oxygen. Tang subjected Chlorella in Warburg respirometers to an atmosphere of nitrogen. No deflection of the manometers was observed during an 18 hour period. This phenomenon needs further consideration, especially since it has an important bearing on the real nature of the "energy for maintenance" assumed to be a necessary condition of the living state.
That the lack of "anaerobiosis" in endogenous metabolism is a real phenomenon and not a technical artifact was tested in several ways:
1. The cells were not "dying" so far as could be determined by staining them with methylene blue after several hours in an atmosphere of nitrogen. A small portion seeded into Williams' medium produced the same "crop" as the control.
2. On the admission of oxygen rapid CO2 production immediately began with a rate equal to or even 50 per cent higher than the initial rate of the control (aerobic). The same results were obtained for oxygen consumption.
3. If the vessel was opened, a few crystals of dextrose added, and then reequilibrated with nitrogen Qco, = 2504-, the normal value for anaerobic CO2 production in bakers' yeast (Meyerhof, 1925) , was obtained.
4. The medium, ~/15 KH2PO4 solution, was found to maintain its pH of 4.5 4-0.05 during even 6 to 8 hours under anaerobic conditions. 5. 2 per cent HC1 placed in the side-arm and tipped into the medium at the end of an experiment showed no sudden evolution of gas.
6. The two strains of yeast used (GM and No. 4360; cf. Stier and Stannardj 1935--36) behaved similarly.
7. The phenomenon appeared at all culture ages from 1 to 14 days. 8. Preliminary measurements of the heat production under anaerobic conditions showed only a negligible amount as compared with the large amount given off during exogenous metabolism.
IV
Alcohol Production
Additional evidence supporting the idea that "true fermentation" is not involved in the dissimilation of carbohydrate reserves was obtained by determining whether ethyl alcohol was produced in a non-glucose-containing medium. Table V .
In Table V we also give results of experiments where the yeast cells were injured by grinding them with fine quartz sand or by adding 1 per cent toluol solutions to intact yeast suspended in M/15 KH~PO4 solution. Belitzer (1934) has already shown that treatment of yeast with toluol or grinding with sand increases the rate of autofermentation and concludes with Harden and Paine (1911, 1912) , who studied the effect of hypertonic salt solutions as well, that the injury causes a "freer mixing" of the diastatic enzymes and their substrates. The lack of anaerobiosis was not detected by these authors. Table VI shows that in addition to increasing the rate of aerobic respiration, injury of the cellular structure has greatly increased the rate of anaerobic COs production. Also, concurrent with the increase in anaerobic C02 prbduction the formation of alcohol was detected. In effect, the injury has destroyed the chambered architecture of the cell and has allowed enzymes and substrates commonly held apart to mix freely and thus react. Careful examination of the literature revealed that in all reported cases where COs was produced anaerobically by autofermentation either yeast juice (cf. Harden, 1932) or yeast preparations treated with toluol or pressed in a hydraulic press (Harden and Rowland, 1901) had been employed, so that the normal protoplasmic structure was undoubtedly either damaged or destroyed. From these considerations it is seen that alteration of the normal organization of the protoplasm not only eliminates the synthetic reactions resulting in growth and differentiation but also alters the rates of existing catabolic reactions. Thus, the "type of metabolism" normally in control within the cell under the imposed experimental conditions may be incorrectly identified and quite erroneous conceptions of the functional interrelations between the metabolic systems of the intact cell may be proposed.
V
We conclude that a purely respiratory system takes part in the dissimilation of carbohydrate reserves in bakers' yeast. The striking feature is the relative simplicity of organization which it exhibits provided the complex structure of the cell is kept intact. From the evidence presented it seems reasonable that, unlike the situation in the metabolism of added sugar, there is one "unbranched" chain of reactions to which the alcohol-producing portion of the zymase complex is not functionally coupled. The oxygen-transporting system in endogenous respiration is the same as that engaged in exogenous metabolism.
On the basis of a kinetic analysis of endogenous respiration (cf. Stier and Stannard, 1935-36) it was also concluded that the endogenous system behaved functionally as a unitary system of reactions. During the declining rate portion of the dissimilation curve the instantaneous rate of respiration is apparently a function of the concentration of the reacting materials. The rate constant for this portion is then the appropriate constant describing the activity of the unitary system of reactions. As a working hypothesis it is assumed that a serial alignment of reactions exists within the system--certainly a "functional alignment" of this type might be reasonably assumed. Furthermore, if we follow the hypothesis that some one process in a chain of reactions controls the activity of the chain (an outgrowth of Blackman's original suggestion (Blackman, 1905) ), then the descriptive constant for the rate of decomposition of a relatively large amount of substrate can be used to reflect the physical and chemical characteristics of this pace-setting locus--even though we do not know its real nature or its actual position in the chain.
We are also suggesting that some locus in the endogenous chain of reactions limits the rate of respiration during the constant rate portion of the dissimilation curve. The instantaneous rate of respiration is obviously not limited by the substrate concentration, and probably not by the enzyme concentration, unless it can be shown that it does not remain constant throughout both phases of dissimilation. The experiments just reported show that the same unitary chain of reactions functions during both phases of dissimilation. Integrated action of the many simultaneous reactions operating during the constant rate portion could be accounted for by assuming a rate-controlling step in the chain of endogenous reactions. In a succeeding paper we will show that the same locus is probably in control during both phases of dissimilation.
The conclusions given thus far were based almost entirely upon evidence obtained at a few temperatures in the limited range (20 to 25°C.). Obviously, in any chain of reactions there is always the possibility that different steps may become rate-limiting loci at different temperatures. This possibility was therefore investigated in order to make a general statement regarding the dynamical organization of the reactions involved in endogenous respiration, and the results form the subject of a succeeding paper.
SU~rl~rAR¥
Evidence is presented showing that the dissimilation of carbohydrate reserves in two strains of bakers' yeast, Saccharomyces cerevisiae, is a purely respiratory process.
Endogenous respiration is KCN-labile. Our own experiments together with various accounts and data given in the literature show that the same "oxygen-transporting mechanism" functions in both endogenous and exogenous metabolism. However, the lack of sensitivity of the endogenous system of reactions to low concentrations of monoiodoacetic acid, the absence of anaerobic CO, production, and the absence of alcohol production, demonstrate that fermentation is not involved in the dissimilation of the carbohydrate reserves.
Throughout the experiments the endogenous respiration behaved functionally as a unitary system of reactions. The O2 consumption and CO2 production were parallel at all times; i.e., the •. Q. was consistentiy 1. Monoiodoacetic acid and KCN in concentrations from 10 -5 to 10 -I molar affected both 02 uptake and CO, production to the same extent. The only agents known to alter the value of the g. Q. were those which disrupted the normal protoplasmic structure, v/z. grinding the cells with sand, plasmolyzing them with toluol and hypertonic salt solutions, or pressing them in a hydraulic press. These agents brought about a vigorous anaerobic CO2 production accompanied by an accumulation of alcohol in the medium.
The unitary character of endogenous respiration is exhibited only
